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© Time division multiple access radio communication system. 



© In a time division multiple access radio commu- 
nication system constituted by a plurality of repeater 
stations (5, 6) and a plurality of terminals (4 1 , 5*), 
only when the time slot in both the upward and 
downw ar d directions is identical in a repeater station, 
the repeater station repeats data in the time slot 
Downward data of a time slot used by a subscriber 
In an upward zone is not repeated to downward 
stations, thereby saving power. 
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Tkne Division Multiple Access Radio Communication System 



Background of the invention 

The present invention relates to a Time Di- 
vision Multiple Access (TDMA) radio communica- 
tion system and. more particularly, to a repeater 
station in the TDMA radio communication system. 

A system of this type is normally constituted 
by an exchanger connected to a plurality of sub- 
scribers,, a base station which is connected to the 
©(changer and has a radio transmitter/receiver so 
as to link the radio subscribers within its service 
zone (home zone) with the exchanger, and a plural- 
ity of repeater stations which have individual home 
zones and provide repeater services to the radio 
subscribers within the corresponding home zones. 
The repeater station closer to the base station is 
referred to as a "higher" repeater station towards 
the others, and the repeater station at longer dis- 
tance from the base station than others is referred 
to as a "lower" repeater station towards the others. 

Each repeater station has a downward receiver 
for receiving a downward signal from the higher 
repeater station, a downward transmitter for trans- 
mitting the downward signal to the lower repeater 
station, an upward receiver for receiving an upward 
signal from the lower repeater station, and an up- 
ward transmitter for transmitting the upward signal 
to the higher repeater station. 

Communication between subscribers is time- 
divisionally performed, and at least one time slot is 
assigned to one communication (single speech or 
data). 

Conventionally, when a radio subscriber in the 
home zone of a higher repeater station commu- 
nicates with a subscriber connected to the ex- 
changer via the base station, the downward trans- 
mitter of the higher repeater station is operated 
over all the time slots. More specifically, even 
though a subscriber in the home zone of a lower 
repeater station does not perform communication, 
a downward transmitter of the higher repeater sta- 
tion is driven, thus wasting power. 



Summary of the Invention 

It is an object of the present invention to pro- 
vide a TDMA radio communication system which is 
free from the conventional drawbacks, and can 
reduce power consumption in repeater stations. 

According to the present invention, there is 
provided a TDMA radio communication system 
comprising: one base station; a plurality of repeater 
stations for sequentially repeating a radio signal 



received by and transmitted from the base station; 
and a plurality of terminals for communicating the 
radio signal with the base station via the repeater 
stations, each of the repeater stations including 

5 repeater means for repeating the radio signal using 
a time slot assigned to each of the terminals, 
wherein each of the repeater stations further com- 
prises means for detecting a time slot in upward 
communication, and means for activating the re- 

70 peater means in association with only a time slot in 
downward communication corresponding to the de- 
tected time slot in upward communication. 



;s Brief Description of the Drawings 

Fig. 1 is a block diagram showing the overall 
arrangement of a TDMA radio communication sys- 
tem according to the present invention; 
20 Fig. 2 shows a format of a downward frame 

configuration used in the present invention; 

Rg. 3 shows a bit configuration of a control 
time slot shown in Rg. 2; 

Rgs. 4A and 4B show bit configurations of 
25 respective time slots; 

Rg. 5 is a block diagram showing an ar- 
rangement of a repeater station shown in Rg. 1 
and 

Rg. 6 is a timing chart for explaining the 
30 effect of the present invention. 



Detailed Description of the Preferred Embodiment 

35 Rg. 1 is a block diagram for explaining the 
overall arrangement of a TDMA communication 
system according to the present invention. This 
system can serve for 128 radio subscribers. 

Referring to Rg. 1, a plurality of subscriber's 

40 telephones 1 are connected to a local exchanger 2 
through corresponding subscriber's lines. The local 
exchanger 2 is connected to a base station 4 
through a DRCS (Digital Radio Communication 
System) exchanger 3. The base station 4 has a 

45 transmitter/receiver, and can provide services to 42 
radio subscribers 4'-1 to 4'-42 within a home zone 
A. The base station 4 is radio-connected to a 
distant repeater station 5 (to be described later). 
The repeater station 5 has a home zone B and can 

so provide services to 43 subscriber's radio terminals 
5*-1 to 5'-43 within the home zone B. The repeater 
station 5 is radio-connected to another repeater 
station 6 which can provide repeater services to 43 
subscriber's radio terminals 6'-1 to 6 v -43 within Hs 
home zone C. Each of the repeater stations 5 and 
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6 has art upward transmitter, an upward receiver, a 
downward transmitter, and a downward receiver 
including antennas. In this instance, the repeater 
stations 5 and 6 are higher and lower repeater 
suanns, respectively. 

Each radio subscriber in the home zone A, B 
or C is connected with the repeater station in the 
corresponding home zone. 

Rg. 2 shows a frame configuration used in this 
system. 

As shown in Rg. 2, one downward frame has a 
4-ms (2316-bit) configuration, and consists of a 
guard time GTO (22 bits), a control time slot TSO - 
(304 bits), and fifteen 166-bit speech time slots 
T81 to TS15. 

The control time slot TSO has a bit configura- 
tion shown in Rg. 3, which includes a preamble 
PRE (16 bits), a frame synchronization FRO (16 
bits), and control information C (272 bits). 

Rgs. 4A and 4B show bit configurations of time 
slots of speech and data, respectively. Referring to 
Rgs. 4A and 48, reference symbol FRNV denotes 
a time slot synchronization voice start code word; 
FRNC, a time slot synchronization data start code 
word; I, speed or data information; and £ & M and 
WS, additional speech information. 

In the system shown in Rg. 1, the control time 
slot TSO is always transmitted, ff the 15 time slots 
are equally assigned to the three service zones A, 
B, and C, each zone can use five time slots. For 
example, the time slots TS1 to TS5, TS6 to TS10, 
and TS11 to TS15 are respectively assigned to the 
zones A, B, and C. It should be noted that the time 
slots may be assigned to each zone by using so- 
catted demand-assign technique. 

Rg. 5 shows the arrangement of the repeater 
station 5 in the system shown in Rg. 1 . 

Referring to Rg. 5, the output terminal of a 
downward receiver 10 is connected to the input 
terminal of a seriaMo-parallei converter 11. The 
seriaRo-paraitet converter 11 receives serial input 
data and outputs parallel data for each data cor- 
responding to each time slot The converter 11 
supplies the parallel data for each time slot to 
those of start code detectors 12, to 12« (in this 
case, q is 15) and random-access memories 
(RAMs) 13, to I3 n which correspond with the time 
slot The output terminals of the start code detec- 
tors 12, to 12^ are respectively connected to the 
first input terminals of corresponding AND . gates 
14, to 14„. The second input terminals of the AND 
gates 14, to 14^ respectively receive downward 
squelch signals 112, to 112„ from the receiver 10. 
Furthermore, the third input terminals of the AND 
gates 14, to 14« respectively receive the output 
signals from timing circuits 25, to 25* (to be de- 
scribed later). The output terminals of the AND 
gates 14, to 14 n are respectively connected to the 



control input terminals of the corresponding memo- 
ries 13, to 13*. Parallel data from memories 13, to 
13, are respectively supplied to the input terminal 
of parallef-to-seriai converter 16. Downward serial 
s transmission data 1 13 is supplied from the parailel- 
to-serial converter 16 to a downward transmitter 30. 

Meanwhile, the output terminal of an upward 
receiver 20 is connected to the input terminal of a 
seriaMo-paraliel converter 21. The output from the 
10 seriaMo-paralle) converter 21 is supplied to those 
of start code detectors 22, to 22* and memories 
23, to 23 n correspondirig to each time slot The 
output terminals of the start code detectors 22, to 
22a are respectively connected to one input terro- 
rs rials of AND gates 24, to 24„. The other input 
terminals of the AND gates 24, to 24 n respectively 
receive upward squelch signals 122, to 122„ from 
the receiver 20. The output terminals of the AND 
gates 24, to 24 n are respectively connected to the 
20 control input terminals of the corresponding memo- 
ries 23, to 23«and the input terminals of the timing 
circuits 25, to 25^ Parallel data from the memories 
23, to 23„ are supplied to the input terminal of 
paraitehto-seria! converter 26. Upward serial trans- 
26 mission data 123 converted is supplied from 
paralteMo-seriaJ converter 26 to an upward trans- 
mitter 40. 

The operation of the repeater station 5 shown 
in Fig. 5 will now be described. 

so Reception data received and demodulated by 
the downward receiver 10 is input to the seriaHo- 
paralleJ converter 11. The input data converted to 
parallel data by the converter 11 is input to those 
of the start code detectors 12, to 12* and the 

35 memories 13, to 13„ which correspond with its time 
slot When the start codes (Rgs. 4A and 46) are 
detected from the corresponding time slots, the 
start code detectors 12, and 12* produce High- 
level ("H") output signals. The receiver 10 sets to 

40 "H" level the downward squelch signals 112, to 
112^ during reception of the input signals. How- 
ever, the outputs from the AND gates 14, to 14^ 
will not go "H" simply upon detection of the start 
codes of the corresponding time slots and setting 

45 of the squelch signals at "H" level. More specifi- 
cally, the outputs from the AND gates 14, to 14„go 
"H" only when the "H" signals are supplied thereto 
from the corresponding timing circuits 25, to 25 n . 
Then, the data supplied from the corresponding 

so memories 13, to 13,, is output through the parallel 
to-serial converter 16 to the downward transmitter 
30. 

The timing circuits 25, to 25^ produce "H" 
output signals as follows. The reception data from 
55 the downward repeater station 6 (Rg. 1) is input to 
the seriai-to-parallel converter 21, and the outputs 
therefrom are respectively supplied to the start 
code detectors 22, to 22o and the memories 23, to 
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23*. What the upward reception squelch signals 
and the stat codes are detected, the outputs from 
the AND gates 24, to 24* corresponding to the 
respective time stats go to TT EeveL Then, data 
from the memories 23, to 23n are transmitted from 
the upward: transmitter 40 through the paralleRo- 
seriai converter ffi At the same time, the W H" 
outputs from the AND gates 14, to 14 n are also 
supplied to the corresponding timing circuits 25, to 
25 m and the "H w signals are supplied from the 
timing circuits 25, to 25 n to the third input terminals 
of the corresponding AND gates 14, to 14„. More 
s^jecificalfy, the repeater station 5 monitors both 
the upward aid downward start codes, and re- 
peates the downward data only for the time slot in 
which both the upw&d and downward start codes 
are detected 

Rg. & shows the operating state of the down- 
ward transm itter 30 in the higher repeater station 5 
during communication of the lower repeater station 
6. As can be seen from Rg. 6, the transmitter 30 of 
the repeater station 5 is turned on only in the time 
slots TS11 to TS15 which are assigned to the 
home zone C of the repeater station 6, and is 
turned off in other time slots TS1 to TS10. There- 
fore, power consumed, by the transmitter 30 is 
expressed by: 

(304 + 166 x 5)/2at e = 113472816 « 0.40 

in this manner, about a 60% of power saving is 
obtained when compared with a conventional tech- 
nique in which the tran s m itter is turned on in all the 
time slots. 

About 20% to 25% of total power is expected 
to be saved when considering power consumed by 
the upward and downward transmitters/receivers, a 
control panel, and the like mounted on the repeater 
station. 

As can be understood from the above embodi- 
ment, the present invention is very effective to 
reduce the power consumption of the higher re- 
peater stations when a large number of repeater 
stations are installed. 



Claims 

1. A time division multiple access radio com- 
munication system comprising: 

one base station (4); 



a plurality of repeater stations (5, 6) for sequentially 
repeating a radio signal received by and transmit* 
ted from said base station; and 

5 a plurality of terminals (5' , 6') for communicating 
the radio signal with said base station via said 
repeater stations, 

each of said repeater stations including repeater 
10 means for repeating the radio signal using a time 
slot assigned to each of said terminals, character- 
ized in that 

each of said repeater stations further comprises 
75 means (22) for detecting a time slot in upward 
communication, and means (14, 25) for activating 
said repeater means in association with only a time 
slot in downward communication corresponding to 
the detected time slot in upward communication. 
20 2. A system according to claim 1, wherein said 
repeater means comprises memory means (13, 
23) for storing upward and downward reception 
signals; means (12, 22) for detecting a time slot in 
use; means (14, 24) for controlling a readout opera- 
25 tion of said memory means corresponding to the 
detected time slot; and means (16, 26, 30, 40) for 
transmitting the output from said memory means. 

3. A system according to claim 2, wherein said 
means for activating said repeater means com- 

30 prises a timing circuit for generating a control sig- 
nal in accordance with the output from said time 
slot detecting means (24) for detecting a time slot 
in upward communication, and means (14) for en- 
abling the output from said memory means in 

35 accordance with the control signal. 

4. A system according to claim 2, wherein said 
time slot detection means includes a circuit (12) for 
detecting a start code of each time slot 

5. A system according to claim 2, wherein said 
40 memory means (13) includes a random-access 

memory provided for each time slot 

6. A system according to claim 3, wherein said 
means (14) for enabling the output from said mem- 
ory means includes an AND circuit which receives 

45 the output from said timing circuit (25) as one 
input. 
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